ABSTRACT
Introduction
Metastatic dissemination is a complex biological process in which the tumoral cells escape immunological surveillance, migrate from its initial site through the vascular endothelium and finally grow up into a new tissue. The expression of adhesion molecules plays a key role in the process of metastases and neoangiogenesis.
PECAM-1 (CD31 or EndoCAM), a member of the immunoglobulin superfamily, is a membrane glycoprotein type 1 of 711 aminoacids [1] classified as an adhesion molecule [2] . It is a member of the inmunoglobulin super family that is encoded by a 75-kb gene that resides at the end of the long arm of chromosome 17 [3] . This glycoprotein is expressed in platelets, lymphocytes, monocytes, natural killer cells [4, 5] and also in interendothelial junctions [6] . PECAM-1 has either homophilic [7, 8] or heterophilic adhesion capacities with other molecules such as integrines [9, 10] and glycosaminoglycanes [11] . Moreover, PECAM-1 trough its cytoplasmic domain transmit out-in signals from the cell surface to the nucleus [12, 13] . In experimental inflammation models a functional inhibition of PECAM-1 with monoclonal antibodies prevents leukocyte migration to the inflammatory focus [14, 15] . In addition, PECAM-1 also participates in the T-cell mediated activation in alloimmune response [16] and in natural killer cell activation, proliferation and migration [17] . Recent studies have demonstrated an even wider range of functions for CD31 including maintenance of adherens junction integrity and permeability, organization of the cytoskeleton, transcriptional activities, participation in STAT isoform signaling among others. [18] PECAM-1 is also believed that participate in the neoangiogenesis process [6, 19] . For instance, it has been suggested that PECAM-1 play an important role in the formation of new vessels, through homophilic interactions in the endothelial junctions, or the heterophilic adhesion the integrine  v  3 , which are crucial unions in endothelial cell migration through the extracellular matrix. [20] . To gain insight into the role PECAM-1 plays during vascular development and angiogenesis, for example it was examined the expression pattern of PE-CAM-1 isoforms during kidney vascularization showing that regulated expression of specific PECAM-1 isoforms may enable endothelial cells to accommodate the different stages of angiogenesis [21] .
PECAM-1 has been shown to potently suppress apoptosis in a variety of cellular systems, for example on a variety of human malignancies -especially hematopoietic and vascular cell cancers-. The ability of PECAM-1 to inhibit apoptosis makes it an attractive candidate as a molecule that may promote cancer development and/or confer resistance to chemotherapeutic treatment. In a recent study, it was shown that the endogenous PE-CAM-1 expression on lymphoid cancers confers resistance to apoptosis, and that lowering PECAM-1 expression in lymphoid malignancies can render them more susceptible to chemotherapy-induced apoptosis. [22, 23] . The expressión of PECAM-1 in some hematopoietic malignancies has been studied and correlated with a worse prognosis, for example in a subgroup of patients with B-cell chronic lymphocytic leukemia (B-CLL) [24] or with primary non-Hodgkin's gastric lymphoma. [25] .
Previous studies have shown that some cellular lines derived from solid tumours express PECAM-1 (Hep-1, MS751, TCC, MFC-7, DLD-1) and that anti-PECAM-1 monoclonal antibodies inhibit the tumoral cell adhesion to the endothelium "in vitro" [26] . Interestingly, it has been observed that in gliomas [27] , breast carcinomas, osteosarcomas and in lymphomas [28] PECAM-1 expression is related to spread and disease progression. Moreover, PECAM-1 has also been used as a histological neoangiogenesis marker since a correlation between expression and prognosis has been demonstrated in breast cancer and melanomas [29, 30] . The expression of PE-CAM-1 could be related to endothelial transdifferentiation of melanoma cells although a consequent functional role has not been demonstrated yet [31] .
The functions in which PECAM-1 may participate (adhesion, transendothelial migration and neoangiogenesis) are key steps in metastatic dissemination. Therefore the study of PECAM-1 in primary and metastatic tumours is of special interest to understand the role of this antigen in the metastatic process. In the present report we have analysed PECAM-1 expression in a selected group of common solid human tumours both in primary and in metastatic localisation.
Material and Methods
Tissue samples from colon, breast, urinary bladder and kidney carcinomas and melanoma were selected to study the expression of PECAM-1 ( Table 1) . Surgical material was fixed in 4% phosphate-buffered formalin and paraffin embedded.
Selected 4-6 mms sections were utilized for immunohistochemistry using the avidin-biotin-peroxidase complex method. After deparaffination, unstained slides were treated with microwave heating for antigen retrieval solution (citrate buffer pH 6.0) for 12 minutes. The anti-PECAM-1 antibody (clone HC 1/6) (Cabañas, 1989) was applied at a 1:1 dilution, then followed by biotinilated anti-mouse Ig G secondary antibody and Vectastain ABC kit (Vector Laboratories Inc.). Diaminobenzidine (Sigma) was used as substrate, and the slides were slightly counterstained with hematoxylin. Negative controls were carried out in the absence of the specific antibody and the vascular-endothelial tissue area was the positive control that serve us to quantified PECAM-1 expression in tumoral cells (Figure 1) . Quantitation of immunostaining in the tumours was semiquantitatively assessed as (-): 0%; (+): 1-10%; (++): 11-50%; (+++): > 50%. The staining evaluation was assessed independently by two experimented pathologists.
Results
Immunohistochemical expression of PECAM-1 gave positive results in colon cancer, breast cancer and bladder cancer specimens (Figure 2) . With the exception of bladder cancer the immunostaining for PECAM-1 was heterogeneous throughout the tumour sample with membranous and intracytoplasmic pattern.
As seen in Table 1 , the immunostaining for PECAM-1 was positive in all colon, breast and urinary bladder cancers with different degrees of expression. In general, the expression was slightly more reduced in metastasic than in primaries tumours samples, with the exception of one of the colon cancer cases, which showed increased expression of the marker in the metastatic localisation (Figure 3) . Immunohistochemical expression of PE-CAM-1 was not related to tumour grade or stage but Melanoma and ovarian or kidney carcinomas did not show any immunohistochemical expression of PECAM-1 either in primary or metastatic sites.
Discussion
Although PECAM-1 expression has been studied in cellular lines of solid tumours, leukemias and lymphomas to the best of our knowledge the expression of this adhesion protein has not been evaluated in human tumours. Thus, the aim of the present study is to show this expression and the correlation between primary and metastatic localisation. This is important since it can strongly suggests that PECAM-1 may have a significant role in the metastatic process of some epithelial tumours, mainly colon cancer, breast cancer and probably bladder cancer and it could represent a different therapeutic approach by blocking PECAM-1 in some type of human cancers.
At the present we don't known whether the PECAM-1 expression in these tumours is constitutive or regulated by external stimuli. An interesting observation is the heterogeneous expression of PECAM-1 through the tumoral tissue in bladder samples. This can be explained by the heterogeneous character of neoplasms but it can also be argued that PECAM-1 expression identifies cellular clones which are more able to metastasize in epithelial tumours. Notwithstanding, PECAM-1 has been shown to be up-regulated by inflammatory cytokines (Rival, 1996; Romer, 1995) and the promoter region of this gene, which has been identified recently, contains sites responsive to transcription factors activated in the processes of cellular differentiation and proliferation (Almedro, 1996) . Moreover, a functional site for the NF-kB factor has been also identified (Botella, 2000) . It is well known that this transcription factor is stimulated by a wide range of external stimuli including mechanical factors and it is possible that cellular subgroups, located mainly at the basal cells layers, with higher proliferating activity express PECAM-1 by means of the activation of transcription factor NF-kB. We are currently studying the possible correlation between PECAM-1 expression and NF-kB nuclear localisation in different areas of selected tumoral tissues.
Very little is known at present with respect to the function that PECAM-1 may have in tumour cells "in vivo", although some studies, as the one presented here, have suggested a possible role in metastatic spreading. Thus, it is possible that solid neoplasm expressing PE-CAM-1 are endowed with a greater capacity to migrate and disseminate. Nevertheless, we observed that some disseminated tumours do not show PECAM-1 expression and this result point out that the possible role of PE-CAM-1 in the tumoral cells is not universal, although the function of PECAM-1 in angiogenesis is well documented even in PECAM-1 negative tumours. Further studies are required to determine the important of PE-CAM-1 in the whole process of tumour progression as well as the molecular mechanisms that regulated the expression of this adhesion protein in the primary tumour.
